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(54) Title: MAGNETIC ANATOMICAL MARKER AND METHOD OF USE 




(57) Abstract 

An anatomical marker uses a permanent magnet to indicate a selected location within a patient. The magnet is enclosed within a 
non-degradable envelop and is coupled to a retention member that is preferably manufactured from a biodegradable material, such as a 
polyglucuronic acid based material. The retention member may include one or more barbs to retain the anatomical marker in the selected 
location. An insertion tool, usable with an endoscope, can insert the anatomical marker. A retention magnet is fixedly attached to the 
insertion tool and holds the anatomical marker in place due to the attractive magnetic forces between the retention magnet and the marker 
magnet in the non-biodegradable envelope. When the anatomical marker is securely fastened at the selected location in the patient, the 
forces exerted by the patient's body on the retention member exceed the attractive magnetic forces between the retention magnet and the 
magnet in the envelope, thus causing the anatomical marker to be released from the insertion tool. The location of the magnet may be 
subsequently detected using a magnetic detector system. 
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MAGNETIC ANATOMICAL MARKER AND METHOD OF USE 

TECHNICAL FIELD 

The present invention is related generally to an anatomical marker 
and, more particularly, to a magnetic anatomical marker and method of use. 

5 BACKGROUND OF THE INVENTION 

Surgical procedures, such as colorectal resection or polyp removal 
are often preceded by preoperative endoscopic evaluation. The purpose of such 
preoperative procedures is to identify malignant or potentially malignant tissue 
for subsequent removal. For example, a colonoscopy is performed to locate 

10 potentially malignant polyps or tissue on the interior bowel wall. During the 
colonoscopy a biopsy may be performed to remove tissue or polyps for 
histological evaluation. If malignancy is confirmed, surgical resection of the 
diseased portion of the colon is required. However, the colonic mucosa heals 
quickly after removal of the polyp, thus making it difficult to identify the former 

15 location of the polyp. In addition, the surgeon typically performs a colon 
resection by visualizing the exterior of the bowel, and the location of the interior 
diseased tissue is often not evident from the exterior of the bowel. 

There are known techniques for marking areas of the colon for 
subsequent removal. The most widely known marking technique utilizes India 

20 ink injected via a needle passed through the endoscope as a form of "tattoo" to 
mark the area of the colon. However, there are many known drawbacks to the 
use of India ink. Migration of the India ink often makes precise location of colon 
tissue difficult. Furthermore, the colon histology may be altered or obscured by 
the ink. Altered or obscured colon histology may result in misdiagnoses of 

25 malignant colon tissues by a pathologist. In addition, a number of complications 
are associated with India ink, including necrosis, edema and perforation of the 
bowel wall. 
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Estimates of colon lesion location based on interior endoscopic 
examination are often incorrect or inaccurate due to the contractile and pliant 
nature of the colon. Other techniques of locating colon lesions, such as 
endoscopic clips, barium radiography and fluoroscopy require expensive 
5 equipment and radiation exposure. 

Therefore, it can be appreciated that there is a significant need for a 
non-radiographic marking system to accurately mark the location of a colon 
lesion without altering the colon histology. The present invention provides this 
and other advantages as will be apparent from the following description and 
10 accompanying figures. 

SUMMARY OF THE INVENTION 

The present invention is embodied in a system and method for use 
of magnetic markers to indicate anatomical locations. The magnetic marker 
system comprises a central portion having first and second ends and a magnetic 
15 element associated with the first end. The magnetic element is detectable from a 
location at some distance from the magnetic marker. A retainer mechanism 
associated with the second end retains the magnetic element in a selected 
location. 

In one embodiment, the first end may comprise a magnetic material 
20 with the magnetic element being a magnetized first end. The magnetic material 
may also be coupled to the first end. In one embodiment, the magnetic element 
may be coupled to the first end by a biodegradable material. 

The retainer mechanism may comprise barbs to provide retention 
of the magnetic element in the selected location. In one embodiment, the barbed 
25 end is manufactured from a biodegradable material that will break down over 
time thus releasing the magnetic element. 

The magnetic marker may be inserted within the interior portion of 
an anatomical structure, such as a bowel. The system may further include a 



WO 00/51514 



PCT/US00/05776 



3 

magnetic detector system operable from a location external to the anatomical 
structure to detect the location of the magnetic element within the anatomical 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a top plan view of the magnetic surgical tag of the 

present invention. 

Figure 2 illustrates the magnetic surgical tag of Figure 1 inserted 
within the wall of a colon. 

Figure 3 is a plan view of an apparatus to introduce the magnetic 
10 surgical marker of Figure 1. 

Figure 4 is a functional block diagram of a detector system used to 
detect the location of the surgical magnetic marker. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to an anatomical marker system 

15 using permanent magnets, which may be detected from a location at some 
distance from the anatomical marker. The system uses a permanent magnet as 
the signal source. The static magnetic field generated by a permanent magnet 
can be readily measured from a distance of several centimeters. The static 
magnetic field is not attenuated or affected by intervening air or tissue or by the 

20 presence of blood or other body fluids. In addition, there is no energy deposited 
in the tissue by the static magnetic field, nor has there been shown to be any 
health affect on tissue by a static magnetic, field. As will be described in further 
detail, the detector system is a passive magnetic field sensor that adds no risk to 
the patient. 

25 The present invention is embodied in an anatomical marker 100 

illustrated in Figure 1. The anatomical marker 100 comprises a central portion 
102 having a first end 104 and a second end 106. A permanent magnet 110 is 
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associated with the first end "104 to generate the static magnetic field, as 
described above. Additional details regarding the detection of the magnet 110 
are provided below. The second end 106 includes a retainer member 112 to 
retain the anatomical marker 1 00 at a fixed location within the patient. 
5 In an exemplary embodiment, the retainer member 1 12 includes a 

spear point 114 to penetrate the patient's tissue and one or more barbs 116 to 
retain the anatomical marker 100 within the patient's tissue at a location selected 
by the surgeon. As those skilled in the art can appreciate, the retainer member 
1 12 may comprise other satisfactory shapes to retain the anatomical marker 100 

10 within the patient tissue. For example, the retainer member 1 12 may comprise a 
hook, a surgical staple, or the like to retain the anatomical marker 100 at the 
selected location in the patient. Alternatively, the retainer member 112 may 
comprise surgical glue to retain the anatomical marker 100 at the desired 
location. In yet another alternative embodiment, the surgeon may suture the 

15 anatomical marker 100 at the desired location within the patient. The present 
invention is not limited by the specific structure or mode of operation of the 
retainer member 112. 

In an exemplary embodiment, the retainer member 112 is formed 
from a biodegradable material that will slowly dissolve over time and release the 

20 magnet 110. For example, the retainer member 112 can be formed from a 
polyglucuronic acid based degradable material that is molded into the desired 
shape. As those skilled in the art will appreciate, a polyglucuronic acid based 
material will biodegrade in the body over a period of time, thus releasing the 
magnet 110. In this embodiment, the magnet 1 10 is enclosed in an envelope 120 

25 that is manufactured from a non-degradable material. Thus, the magnet 1 10 is 
protected from the bodily fluids by the non-degradable envelope 120. When 
used in combination with the degradable retainer member 112, the anatomical 
marker 100 provides secure retention of the magnet 1 10 at the desired anatomical 
location, such as the interior wall of the intestines, for a period of time. After the 
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retainer member 112 degrades, the magnet contained within the non-degradable 
envelope 120 is released and expelled from the body along with fecal material. 
To permit easy passage of the magnet 110, the envelope 120 has smooth outer 
walls. Similarly, the other forms of the retainer member 112, such as a hook, 
5 surgical staple, or sutures may also be manufactured from a degradable material 
so that the magnet 110 contained within the non-degradable envelope 120 is 
released after a period of time. 

Those skilled in the art will appreciate that the presence of the 
magnet 1 10 may be a hazard if the patient were placed in the presence of a strong 

10 magnet field, such as is typically used in magnetic resonance imaging (MRI). 
The MRI magnet may cause potential movement of the anatomical marker 100. 
Thus, the patient should not be exposed to such powerful magnetic fields while 
the anatomical marker 100 is present within the patient. However, with the 
degradable retainer member 1 12, the magnet 1 10 is held in place only a relatively 

1 5 short period of time. A polyglucuronic acid based degradable material has a half- 
life of approximately 4 to 6 weeks, which allows adequate time to place patient 
into a surgical schedule, and exceeds the time that injections of India ink are 
effective. Thus, the magnet 110 and the non-degradable envelope 120 will 
typically detach and pass after approximately 4 to 6 weeks. A magnetic detector 

20 system, described below, can determine whether the magnet 1 1 0 is still present in 
the patient. 

In an exemplary embodiment, the magnet 110 is a commercial 
product using high residual induction magnet types such as alnico, samarium 
cobalt (SmCo) or Neodymium Iron Boron (NdFeB). These magnet types provide 
25 a large magnetic field strength for their size. Table 1 below indicates the 
magnetic field (in Gauss) as a function of distance of a commercially available 
NdFeB rod magnet having a 2 mm diameter and a 5 mm length and a strength 
grade of 35 H: 
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ijisiance (mm ) 


rield (Gauss) 


c 

J 


OA 

89 


O 


58 


n 

1 


41 


i 8 




9 


22 


10 


17 


5 


6 


20 


3 


30 


1 


40 


less than 1 



Table 1 



Proper use of the anatomical marker 1 00 requires that it be retained 
in the selected location. As discussed above, the retainer member 112 serves to 
retain the magnet 1 10 at the desired location. Figure 2 illustrates the insertion of 
5 the anatomical marker 100 within a portion of the colon. The portion of the 
colon illustrated in Figure 2 is shown in a longitudinal cross-section and includes 
labels illustrating the various layers of the colon. In an exemplary embodiment, 
the spearpoint 1 14 and barbs 116 penetrates the mucosa and muscularis mucosa. 
The barbs 116 serve to securely anchor the retainer member 112 within the 

10 submucosa. The muscularis mucosa is a strong layer of the bowel wall and 
should provide sufficient strength to retain the anatomical marker 100 at the 
selected location. It is undesirable to completely penetrate the wall of the colon 
because of potential complications, such as bleeding and necrosis. Penetration 
into the submucosa minimizes the wall penetration and helps avoid these 

15 potential complications. 

The anatomical marker 100 can be securely inserted using a tag 
insertion tool 130, illustrated in Figure 3. The insertion tool 130 is sized to fit 
through an instrument port 132 of an endoscope. The instrument port 132 has a 
distal catheter tip 134 containing an aperture 136. The aperture 136 is sized to 

20 permit passage of the anatomical marker 100. 
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The insertion tool 130 is calibrated to release the anatomical 
marker 100 only if it has been anchored securely. A magnetic force mechanism 
is used to measure the tensile strength of the anatomical marker implanted in the 
submucosa of the bowel wall (see Figure 2). The insertion tool 130 includes an 
5 introducer magnet 140, which is fixedly attached to a terminal portion of the 
insertion tool 130. The introducer magnet 140 has a magnetic field strength and 
orientation such that it magnetically couples with and retains the magnet 1 10 and 
anatomical marker 100 by use of attractive magnetic forces. The strength of 
magnetic coupling between the magnet 110 and the introducer magnet 140 is 

10 calibrated to release the magnetic anatomical marker 100 only if the retainer 
member 112 has been securely anchored to the bowel wall. 

The user positions the catheter tip 134 at the desired location of the 
bowel wall and advances the insertion tool 130 within the instrument port 132 
until the retainer member 112 extends through the aperture 136 and penetrates 

15 into the submucosa (see Figure 2). The user then retracts the insertion tool 130. 
If the retainer member 112 is not properly secured within the submucosa, the 
magnetic coupling between the introducer magnet 140 and the magnet 110 will 
cause the anatomical marker 100 to remain attached to the insertion tool 130. 
However, if the retainer member 1 12 is securely anchored within the submucosa, 

20 the mechanical forces required to pull the anatomical marker 100 loose from the 
bowel wall exceed the attractive magnetic forces between the introducer magnet 
140 and the magnet 110. In this case, the anatomical marker 100 will break free 
from the magnet affects of the introducer magnet 140 and the anatomical marker 
will be retained within the bowel wall at the selected location. 

25 Once in place, the anatomical marker 100 may be readily detected 

using a variety of different magnetic detector technologies. One such detector is 
illustrated in Figure 4 where a low-cost magnetic detector system 148 uses a 
single magnetic sensor 150 to detect the presence of the magnet 110. In an 
exemplary embodiment, the magnetic sensor 150 may be a single Hall-effect 
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sensor, which is commercially available and relatively inexpensive. With a 
strong magnetic field, a single Hall-effect sensor can accurately detect and locate 
the anatomical marker. As indicated in Table 1, a NdFeB magnet can produce 
several Gauss of magnetic field strength at a distance of 10-15 mm. Thus, a 
5 single magnetic sensor 150 provides a low cost detector system. The magnetic 
sensor 150 generates a voltage that is dependent on the strength of the magnetic 
field. The output of the magnetic sensor is coupled to a voltage amplifier 152 
whose output is connected to a visual indicator 154 and/or an audible indicator 
1 56. The visual indicator 1 54 may be in the form of a LED bar graph indicator in 
10 which the number of lighted segments corresponds to the strength of the 
magnetic field. Similarly, the audible indicator 156 may generate an audible tone 
whose frequency or amplitude increases in relation to the magnetic field detected 
by the magnetic sensor 150. A sensitivity control 158 can adjust the gain of the 
amplifier 152 in a known manner. 
15 In operation, the magnetic detector system 148 can determine the 

location of one or more anatomical markers 100. The magnetic detector system 
148 is particularly useful in detecting anatomical markers 100 from a location 
outside an anatomical structure. For example, the anatomical marker 100 may be 
inserted in the interior portion of the colon using an endoscope, as described 
20 above. In a subsequent surgical procedure, such as laparoscopic surgery, the 
magnetic detector system 148 is used on the external portion of the colon or other 
anatomical structure to locate the anatomical marker 100. Thus, the anatomical 
marker 100 on the internal portion of an anatomical structure can be detected 
from a location external the anatomical structure. 
25 The simplified detector system illustrated in Figure 4 is adequate 

for a strong magnet at close range, even in the presence of a background 
magnetic field generated by the Earth, which may be as high as 600 milliGauss 
(mG). With a magnet such as the NdFeB magnet described with respect to 
Table 1, the Earth's magnetic field is not a significant factor. 
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However, for some applications, the locating distance may be large 
or a smaller magnet may be required for anatomical reasons. In this case, the 
magnetic field may be very weak at anatomically useful distances and thus 
require a more sensitive magnetic detector. Such a detector is known in the art 
5 and described, for example, in U.S. Patent No. 5,425,382, and U.S. Patent 
No. 5,622,169. In addition, a magnetic detector system is described in U.S. 
Patent Application No. 08/852,940, filed on May 8, 1997, which is incorporated 
herein by reference in its entirety. Similar technology is described in U.S. Patent 
Application No. 09/075,280, filed on May 8, 1998, and published as PCT 

10 Publication No. WO 98/49938, on November 12, 1998, which is also 
incorporated herein by reference in its entirety. In those patents, applications, 
and publications, multiple magnetic sensors are used to detect and locate the 
anatomical marker 100. Multiple magnetic sensors may be arranged to generate 
a differential magnetic signal or a magnetic gradient. The magnetic sensors may 

15 be Hall-effect sensors or magneto-resistive sensors. Currently available 
magneto-resistive sensors can detect magnetic field strength differences on the 
order of 1.0 mG. Such a differential magnetic sensor is capable of detecting a 
much lower magnetic field strength even in the presence of the Earth's magnetic 
field. The detectors described in the cited references are more expensive than the 

20 simple detector of Figure 4 since the sensors and associated electronics are more 
costly. However, those skilled in the art will appreciate that a variety of detector 
technologies may be satisfactorily used to detect the location of the anatomical 
marker 100. 

The use of the anatomical marker 1 00 to mark polyps or tumors 
25 within the gastrointestinal tract for surgical localization and removal has been 
described above. Once the site of a malignant polyp or tissue has been marked 
with the anatomical marker 100, a laparoscopic surgical procedure may be 
performed. The abdomen is insufflated and the colon visualized. The location of 
the anatomical marker may be accurately determined with the magnetic field 
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detector. Using either known internal or external techniques, the bowel is opened 
and the polyp is resected. If malignant, a section of the bowel may be removed 
as well. If benign, only the polyp is removed and the colon closed. 

Alternatively, in a non-laparoscopic procedure, the abdomen may 
5 be surgically opened and the colon palpated. If the lesion or the anatomical 
marker 100 cannot be felt, the colon may be scanned using the magnetic detector 
system 148 to accurately determine the location of the anatomical marker. This 
procedure avoids unnecessary immobilization of the colon. If multiple lesions 
are present and marked, each can be localized, marked externally, and a plan for 

1 0 dealing with multiple lesions can then be formulated. 

In another example, a patient with a history of colon cancer may 
have a small lung nodule detected at the time of a chest x-ray and confirmed by a 
chest computerized tomography (CT). If the mass is biopsied and cancer 
confirmed, the nodule may be marked with the anatomical marker 100 on the 

15 surface of the lung or in the lung that can later be located visually or 
magnetically using the magnetic detector system 148. At the time of thoracic 
lung resection, the lesion, which is notoriously hard to detect by appearance, may 
be precisely located by the anatomical marker 100 with or without the magnetic 
detector system 148. The resection is carried out and the marker and lesion 

20 evaluated to make sure that the nodule is completely removed. In yet another 
example, during colonoscopy, the gastroenterologist may find a rectal cancer. 
The cancer is typically visualized during a first step of the operation and a 
suitable margin is chosen distally. That is, an area surrounding the cancerous 
tissue is identified for removal. The anatomical marker 100 may be placed at the 

25 site of the cancerous tissue and a predetermined area surrounding the anatomical 
marker removed. Alternatively, two or more anatomical markers 100 may be 
placed at the resection point surrounding the cancerous tissue. During dissection 
of the rectum, the anatomical marker 100 is used to confirm an adequate distal 
margin before resection using a stapling device. In such an operation, it is 
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important to assure that the resection staple line does not include the anatomical 
marker since that might compromise the closure of the resection. Use of the 
anatomical marker 100 is an efficient way of avoiding the use of a scope and the 
necessity of changing gloves or gown when coming back to the abdominal 
5 surgical field. 

The benefits of accurate close range detection of the anatomical 
marker 100 are even more pronounced when used with a laparoscopically low 
anterior resection since there are not any currently recognized procedures to 
replace the lost palpation of the specimen. That is, a surgeon can palpate the 

10 specimen to detect cancerous lumps during open abdominal surgery, but such 
palpation is not possible with laparoscopic surgery. However, in one 
embodiment, the magnetic detector system 148 can be attached to a laparoscopic 
tool and inserted within the patient's abdomen to detect one or more anatomical 
markers 100 that have been previously inserted using the endoscopic procedure 

15 described above. 

In yet another example, the anatomical marker may be used during 
rectal mucosectomy prior to formation of an ileoanal anastomosis for treatment 
of ulcerative colitis or familial polyposis wherein the proximal line of resection 
may be marked with one or more anatomical markers 100. Once the 

20 intraoperative portion of the operation has begun, the colon is dissected down to 
the level of the anatomical markers before transecting the rectum. This 
procedure has the benefit of avoiding intraoperative endoscopy. If intraoperative 
endoscopy is required to visualize the line of resection, the surgical procedure 
takes more time since the surgeon must change gloves and gown and reprepare 

25 the surgical area following the endoscopic portion of the procedure. As those 
skilled in the art can appreciate, the use of anatomical markers 100 may reduce 
the surgical time 10 or more minutes. At a cost of 17-23 dollars per minute for 
an operating room, such a savings becomes significant. 
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It is to be understood that even though various embodiments and 
advantages of the present invention have been set forth in the foregoing 
description, the above disclosure is illustrative only, and changes may be made in 
detail, yet remain within the broad principles of the invention. Therefore, the 
5 present invention is to be limited only by the appended claims. 
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CLAIMS 



What is claimed is: 



1. A magnetic marker system for anatomical location, 

comprising: 

a central portion having first and second ends; 
a magnetic element associated with the first end; and 
a retainer member associated with the second end for retention in a 
selected location. 



2. The system of claim 1 wherein the first end comprises a 
magnetic material and the magnetic element is the magnetized first end. 

3. The system of claim 1 wherein the magnetic element 
comprises a magnet coupled to the first end. 

4. The system of claim 3 wherein the magnet is a rare-earth 

magnet type. 

5. The system of claim 3 wherein the magnetic element is 
coupled to the first end by a biodegradable material. 

6. The system of claim 1 wherein the retainer member is 
manufactured from a biodegradable material. 

7 The system of claim 1 wherein the retainer member 
comprises a barbed end to provide the retention in the selected location. 
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8. The system of claim 7 wherein the barbed end is 
manufactured from a biodegradable material. 

9. The system of claim 1, wherein the retainer member is 
inserted in an internal portion of an anatomical structure, the system further 
comprising a magnetic detector operable from a location external the anatomical 
structure to detect the location of the magnetic element within the anatomical 
structure. 

10. The system of claim 9 wherein the magnetic detector 
comprises a first magnetic sensor element. 

11. The system of claim 9 wherein the magnetic detector 
comprises a Hall-effect magnetic sensor element. 

12. A magnetic marker system for anatomical location, 

comprising: 

an envelope sized for insertion within a patient; 
a magnetic element contained within the envelope; and 
a retainer member coupled to the envelope to retain the envelope in 
a selected location. 

13. The system of claim 12 wherein the magnetic element is a 
rare-earth type magnet. 

14. The system of claim 12 wherein the envelope is 
manufactured from a non-degradable material. 
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15. The system of claim 12 wherein the retainer member is 
manufactured from a biodegradable material. 

16. The system of claim 15 wherein the retainer member is 
manufactured from a polyglucuronic acid based material. 

17. The system of claim 12 wherein the retainer member 
comprises a barbed end to retain the envelope in the selected location. 

18. The system of claim 17 wherein the barbed end is 
manufactured from a biodegradable material. 

19. The system of claim 1 2, further comprising: 

an insertion tool sized to pass through an instrument port of an 
endoscope; and 

an insertion magnet fixedly attached to a terminal end of the 
insertion tool, the insertion magnet having a magnetic orientation to magnetically 
attract and retain the magnetic element with a predetermined magnetic attraction 
force until the retainer member is firmly attached to the selected location with a 
retention force that exceeds the predetermined magnetic attraction force. 

20. The system of claim 12, further comprising a magnetic 
detector operable to detect the location of the magnetic element within the 
patient. 

21. The system of claim 20 wherein the magnetic detector 
comprises a Hall-effect magnetic sensor element. 
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22. A method of using a magnetic marker for anatomical 
location, the method comprising: 

inserting a magnetic marker device into a patient, the magnetic 
marker device comprising a magnetic element; 

affixing the magnetic marker device at a selected anatomical 
location within the patient; and 

subsequently, detecting the magnetic field generated by the 
magnetic element to locate the selected anatomical location. 

23. The method of claim 22 wherein the magnetic element is a 
rare-earth type magnet. 

24. The method of claim 22, further comprising placing the 
magnetic element in an envelope manufactured from a non-degradable material. 

25. The method of claim 22 wherein the magnetic marker 
comprises a retainer member manufactured from a biodegradable material and 
affixing the magnetic marker device comprises affixing the retainer member to 
the selected anatomical location. 

26. The method of claim 22 wherein affixing the magnetic 
marker device comprises affixing the magnetic marker device to the selected 
anatomical location using a polyglucuronic acid based material. 

27. The method of claim 22 wherein the magnetic marker 
device comprises a barbed end and affixing the magnetic marker device 
comprises inserting the barbed end of the magnetic marker device at the selected 
anatomical location. 
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28. The method of claim 22 wherein the selected anatomical 
location is an interior portion of an anatomical structure and detecting the 
magnetic field is performed at a location external the anatomical structure. 



29. The method of claim 22 wherein affixing the magnetic 
marker device further comprises: 

placing an insertion magnet, fixedly attached to a terminal end of 
an insertion tool, in proximity with the magnetic marker device, the insertion 
magnet having a magnetic orientation to magnetically attract and retain the 
magnetic element with a predetermined magnetic attraction force; 

inserting the insertion tool into the patient; 

affixing the magnetic marker assembly to the selected location; and 
withdrawing the insertion tool and, if the magnetic marker device is 
attached to the selected location with a retention force that exceeds 

the predetermined magnetic attraction force, separating the magnetic marker 

device from the insertion tool. 
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